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. . ) many .
Copper powders have found wide application in we branches of industry, yeb

thelir resistance to corrosion is quite low. Frequently copper powder in an air-
tight container is delivered to the consumer in an oxidized state. There are
cases of carrosion during the manufacturing process of powders.

Despite numerous items of 1iterature on the problems of alumospheric corrosion.
of copper, there are no investigations on the corrosion of copper powders. Mean-
while, there is no doubt that the corrosion of powder copper must have a specific
character, different from corrosion of the compact metal. This character is con-=
ditioned by the presence of au eus ed surface of highly-dispersed
copper. 1f, for examyle, a copper ¢ ubic em in volume is crushed till
its particles pass throuyh a 325-mes microns), the surface of the
particles will amount Lo 38l;,000 sq cmj j,e. the surface of the same quantity of-
copper will grov &l ,000 tiwes from. the original 6 sq cm surface of the cube. -
Surface activity increases accordingly. Actually, the resl surtace of the povder
is still larger, taking into consideration the dendritic form of its grains.

1t has been found [17], that 3 1iquid film 1074 mm thick is formed on a
smooth surface ol metal in open air at 20°C end 50% humidily. Only upon heating
the m-tal to 30°C does this water f£ilm disappeare Tt is natural to suppose that
for powder copper, posses .r force of surluce adsorption, the
phenomcna at capillary condensation and U jon of & continuous thin water-
£ilm, envelopitic the prains of powder, are absolutely jnevilable. The formation
and presence of such a {£ilm msy tuke place long before the above-mnn'l.ioned
humidity is reached, wnd ab Lemperatures probably considerably higher than 30°C.

fhe presence of a liquid film on tha surface of the powder grains 1s, secwm=

inly, av jupevallve coneiition for developent of the corroslve procesds
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L Taking into consideration the obscurity of the subjects, here brought to
attention, gnd under the necessity of establishing nethods for the stabilization
of pouder, it would be interesting to study the oxidation ratecof powder in the
air, the eflect of temperature, moisture and vurious gases in the atmosphere on
corrosion, and the action of certain other reagents.

EYPERIMENTAL PART

Since the corrosion products of copper powder (salts or oxides of copper)
are usually nonvolatile, the gravimetric method was used for corrosion tosts,
conducted basically with industrial copper powder 99.56% pure with weight equal
to 1.58 g/cu cm.

To determine the oxidation extent of copper powder in respect to storage !
- - time, tests were conducted in a laboratory atmosphere for 80 days. 2,5-3 g of
powder were placed on watch-glasses 4O mm in diameter, covered with funnels for
dust protection, and kept on 1aboratory tables. The average data of at least
two parallel experiments are presented in Table 1.
Table 1.
Oxidation Rate of Copper fowder Under Laboratory Conditions at 16 _+_ 2°C

| ) Keeping Time (days)

1 10 30 6éq 80

7 Weight of powder (in g) 2,8280  5.7661  5.9066 5.4820  5.4820

Increase in weight (in g) 0.0006 0.,0027 o.o0hy 0,015  0.0213
fielative increase in weight (%) 0.02 0.04 0.1} 0.28 0.38

: ' Teble 1 shows that thb monthly increase in weight of the powder is aqual to
" 0,14%, which rate corresponds to oxidation of 0.12% of powder per month in con-
version of corrosion products to Cuao.

To investipate the temperzture effect, experiments were performed in 6-1iter -
copper bombs, hermetically sealed and placed into an oii thermostat with automatic
regulator which permitted temperature controd accurate to + 3°C. RN

o Ca

i The copper bombs were first cleaned with benzene and sulfuric ether. Sampléa_;w
of powder in similar glass beakers were placed inside the bombs, and time was ' 7
I registered from the moment when the required temperature was reached. Upon colte i

.+ pletion of the tests, the samples vere transferred into desiccators with caleium,
. ghloride, cooled to room temperature and weighed. ‘fwo pavellel experiments were
N 311} in each case. = Changes in ‘the amount of moisture were observed.sixmlltaneousl}" b5

Lo with changes in temperature. - Test results are given in - Table 2'.‘: e
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Salle 2,

¥ffect of Temperature and Morntu- o Corresion ol Cuipper Rouder Muoing u
2h-four Period, (Incrcase in wei bi is crpressed in o oof iniliad weight)

Conditions of experiacht Teaperature
20°c  hLoec 60°C 75°C

inothe air at atmpspheric pressare 0,035  €.022  0.057
Lir saturated with water vapor ab
atmosplu ric pressure 0.03  0.11

Fesulls of this serivs of exrerluents show Lhat the rate of atmospheric
carrosion of copper powdirs increascs contitueusly as the Lewperature rises and
Vas no waxinmum in the tempersture range studied thus far, yhis facter indicales
extraordinary stability of the waler [ilms envelopiug ihe powder prains, wiercas
slsdlor filims on smooth metallic surfaces, as was nobed above [1_7, entirely
disulpewr on huating to 30°C. )

po clavify ihe effect cf moiztumre on the corrosion of copper powder at con-
stant tempersture, additional vzperinonls were conducteds  The results ure
presented in Yable 3 and Figure 1.
Table 3
iffect of Moisture on Corrosion of Powder Copper at 16 + 2°C

)

Conditions of experiment Kcoping Like (days
1 y io

Tn laboratory atmosphers 0.0l

In desiceator with ”'L‘Sq;
{sp. ¢ 1.84)

In desiccalor with Ca012 : —0.02)

In sealed ves:zel in air
saturated uith water vapor 0.08 0.28 . 0.1

The numéricgl data in Table 3 express relative increase in weight in per-
contage of initial weipht. As is shown, copper powder placed in a desiccator,
practically was nob oxidized during 2 months, while the pewder sample, kept in
the laboralory zimosphere for ihe same period, increased its weight by 0.3¢;
and powder in the vapor-saturated atmosphere reached this value of corrosion after

one veeks

Analysis of pouder, kept in the desiceator with freshly prepared calelum .
chloride, shewed that theve was no coloY .ckxaxlge‘yg_tlicl}:'quuld indicate any degree
of oxidetion. Decrease in its’ weight by‘;Q.OEl_;;Qq(;cured.due to the absorption of
moisture, contained in the' copper powder,; ycalcium-ehlorddes
Ei‘fect_qf .géses:“-an"d 'o:t;l"ner _'réa{.';équ;: ' .

" Garrosicii tests df"‘péwdef jcopber we ré‘conducted in _tmps'éhqras'-éf “gnmonie,
Thydropeh ¢chioride; sulfur dioxide and ¢ hon dioxide ases weyre first purified
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asd tlien dried with swlfuric acid, Parsllel experiments yere staged in ctrios-
piicres of the pure pases contained in a space saturated with waber vapor,

Tn the case of studylng the effect of ammonia, a tray with a 25% aqueous

solution was placed inlo the reaction space. Porcelain beakers 55 mm hijh and

29 mm in diameter, contuining 2-2,%5 g of powder were installed into 2-liter - plaus

jars, sealed ailer installation with paraffin io secure airtightness. Filling

of jJars with gas was checked each time, After completing the experiment, beukers

vere thansferred Lo a desiécator and, upon atteining constent weight, the increase

. in weipht was deterained, Results of tests are given in Table L, and graphically
raerecented in Figure 2. Data on the corrosion of powder in the alr are also
prescnted to compare the corrosive effects of the various gasese

Analysis of result s obtained permits the followinp conclusions: In the first
place, activity of hydrogen chloride not saturated with water vapors ,is very
highj and the value characterizing corrosion in en atmosphere of dry hydrogen
clloride passes through a maximum, whereas in the atmosphere of hydrogcn chloride..
outurated with weter vapors, this value increases continuously; secondly, cor- ]
d rosive activity of all other pases is sharply increased if water vapors are . “r
present at the same time,

Table L

Effect of Various fases on Lorrosion of Powder Copper at Temperature of
16 + 2°C, (Increase in weight is expressed in ¢ of initial weipht)

Atwospheric Conditions

Time Air f4ir, satu- COp. €Oy, satu- 50, 80, satu- HH3 NH., satv- HCl  HCl, satu-
(hr) rated with rated with rated with rated with rated with
valer vapor watler vapor water vapor water vapor water vapor '
) o, 0.02 0,03 0,002 0.72 0.26  5.55 0.57  3.86 6.0 2.6
48 0.11 0.1 3.04 0.40 10.06 0.67 5.06 26,32 5.63 '
240 0.04 0.1 0.28 10.9 0.72 ?21.9 0.8 8.84 11.03  9.33

It wzs also revealed (Table 5) thab the corrosion resistance of ihe powder
depends on the extent of its inilial oxidation.

Table 5 '

LEfect of the Degree of Corrosion of Copper Bowdcr on its Corrosion in Bry
Hydrogen Chloride, (times LB hr; temperature: 16 + 2°C)

i

Iiind of Powder Copper Cont?nt (in %) Increasc in weipht 3
pefore Experiment (in %) "

Powder Prepared in Leboratory 99.79 29,2 -
Commercial Powder 98.9 39.9 3
Oxidized Powder 96.1 51.1 [

I, all experiments, moisture was observed on Lhe walls of porcelain beakers
and glass jars, p';:rticxdarly,"]’em incressed emount during experiments with the

: 7
ozidiznd pewder, .
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Eyperimnts were also conducted to study the influence of certain ammonium
salts on the corrosion of vopper pouder in cases where they arc stored near each *
other. Samples of powder in porcelain beakers were placed, as in other experi-
ments, inside of plass jursj pul olher beak~rs in the same Jjar contsined a
certain ammonium salt and water, Javs were nermetically sealed for the duration
of the experiment.

!I

rspecially noticeable is the -stent of corrosion in the presence of ammonium
cartonate and particularly in e gecocnce of ammonium carbonate and water
(rable 6).

K Table 6

Corrosion of Copptr fouder when Kepl Topether with Ammonium Salts
(Time: 26l hr., Temperatures 16 + 2°C)

Cmditionrs of Experiments Increase in Weight (%)
1 in tee . esence of Ammonium Chloride 0.06
; 2 In v« oo oCNCE of Auwncnium Chloride and Water - 0,20
3 In the Fresence of Ammonium Carbenate 11,35

I, In the Presence of Ammonium Carbonate and Water 32,6

Results of the corresion tests conductled shov that powder copper is subje¢t
predominantly to clectrochemical corresion under nermal temperature conditions
in atmospheres of the reagents tested up to ihis time.

The corrosion mechanism may be represented in the [olloving way. Qanes,
present in the atmosphere, are adsorbed o.d dissolved in a thin film of wwier
which covers the surface of the metal prains. Since the solubility of certain
gases is very high (for example, one volume of w.ter dissolves 400 volums of
hydrogen chloride), clectrolytes of considerably high concentrations may be created
in the liquid film even with a low contnnt of gases in the air.

A similaur situction will be observed in the case when the p «der is washed in-
sufficiently znd the batn electrolyte, being dissolved in the water {£ilm, also
forms an aggEressive corrosive mediume.

Thus, moisture appears to be the first and basic factor conditioning corrosior
i1y powder copper. Introduction of dry gases into the reaction space actually
only creatcd the conditions necessaty for the appearance of a liquid &gy ressive
medium on the surface of the powder grains.

Thickness of the 1iguid surface film increused with an increasc in the con~ °
centration of waler vapor iu the atoou ere of pases being tested, Consequently
the electrical conduetivity of the film also increased.

B fhus, the preschce of an aggressive respent which, being, Givoolved in the

; liquid adsorptivn film creates an aggressive medium ~— au vlectrelytle. == is.a -

second facter conditioning the corrusion of copper pondir, .
Finally, corrosion of copper in nonoxidizing media yroce cids with the partic-f

] ) ipalion of oxypLnh [?J whiich, receling with the copper, forms oxides better

[ . soluble in an ag, ressive mediwn then pure coppel, ov sives solulle products of

) corrosion.
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at eertain ratio betwesn the pH values and concentration of copper ions in.
-golution, oxypen apparentily serves as the depolarizer of the cethede process. -
(ygen i8 inevitably present in copper powder in a free state as an air component %]

and also in tuc Jorm of copper oxides / 3_/ which are formed during electrolysis’ e

YAYE

Thus, oxygen is the thind factor which creates conditions for corrosion of the
~pouder.

The physically-nonuniform dendritic structure of the surface of the powder
grains contributes to the origin of its electrochemical heterogeneity, l.e. .
sromotes developmint of the difference of potentials on various portions of the
surfaca,

the anomalous behavior of dry hydrogen chloride may be explained by the form-
ation of the corrosion products in the form of cowplex copper compounds, It is
knoun that the reaction of chloride solutions with copper roduce such complex
Ccompounds as 3 Cud e Cu012-3H20, Cu(OH)6C1 *Ho and others ﬂ}. Introducing
dry hydrozen chloride into thé reactlon space and having only 0,02-0,03 ¥ of
vesidual moisture in the powder, we create, in the liquid surface film, a concen-
tration of HCL considerably greater than that in the case when the reaction space
is filled with hydrogen chloride and saturated water vapor.

According lo investigations by Akimov an¢ Tosenfeld [2_7, the cerrosion rate
sharply increases in ihe acid region of chloride solutions, This is caused by '
the more positive potential of the cathode sections. Hydrochloric acid is con-
sumed in the course of the corrosive i ocess and, since its furiher replacement
is 1limiled, the pH value of the film is on the increase, thus eliminating con-
ditions for promoting the formution of new comylex compounds. This leads to a
decrease in the corrosion rate and to transforiation of the carlier-formed complex

. products into other simpler ones.

. Consequently, a decrease in weight of the corrosion products causes a maximum

on the Y“corrosion-time! curve ZT-‘ignre 2__7, Contrary to this case, high concentra-
tion of HC1 in the liquid surface film is not created by £i1ling the reaction

space with hydrogen chloride and water vapors, and therefore there are no conditions ' -
favorable Lo the formaiion of complex copper compounds. The process pioceeds more
slowly without a maximum bend on the "corrosion-time" curve,

o corroborate the mechanism of the unomulous effect of dry hydrogen chloride;
additional corrosion tests were conducted to deternine Lhe copper content in t
corrosion products which were separated from noncorroded copper by treatment in
a 5S¢ solution of sulfuric acia at 20°C with corvection for a blank test.

Table 7

Copper Content in Corrosion Iroducts of Fouder Copper in an Atmosphere
of Lry liydrogen Chloride ab 16 + 2°C. :

Copper Cuntent — Time Copper Content (in %) katio of Corroded Copper
in Powder (in €} (hr) In Products In Moncorroded to Total Amount
: : of Gorrosion ortion
- 98,9 2y 11.2 87.5 11.3
98.9 L8 . U2 L. 7 L
98.9 240 22.3 765 22.5
?‘1;'
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B ST Teble 9

. Influence of Corrcsive Volume cn the Corrosion Extent of Powder Copper i.n B
. an Atmosphere of Dry Hydrogen, (Times 4,8 hr,, Temperatures 16 + 2°c§p

' Sa.mpl‘e yeight Corrosive Volume  Weight Increase (in %)
s (im grams) (in liters) )
age 116 38.1
1. - ' 6 89.5 - ,
Conclusions : o .
1, Corrosion tests of powder copper were conducted at various temper,‘étures :‘ ‘ ~.

. in atmospheves of ammonia, hydrogen chloride, carbon dioxide and sulfur dioxides
It was shoun, that moisture is a basic factor in the corrosive process in powders.

© In a1l cases Lhe temperature coefficient of the corrosion rate (from O to 75°C) .
% heg @ positlve value, s

2. ‘he anomalous corrosive behavior of hydrogen chlorids, éompared with other
gases, vas revealed; and an explanation of this anomaly is given.

3, Corrosion tests of powder copper were conducted in the presence of ammopium '.
salts. It was shown that the presence of moisture promotes decomposition of
ammonium salts and, consequently, accelerates the corrosion of powder cCoppers

‘ . " ). The corrosive mechanism of copper powders was interpreted as an electro- .
.+, chemical process, - .

} . Engineer V. I. Kalitova participated in the experimental part of this
R ;nvestigation.
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